In the past, shared environmental influences on most personality traits have been found to be negligible in behavior genetic studies (e.g., Bouchard & McGue, 2003) . However, most studies have been based on biometrical modeling of twins only. Failure to meet key assumptions of the classical twin design could lead to biased estimates of shared environmental effects. Alternative approaches to the etiology of personality are needed.
ii Tables   Table 1…………………………………………………………………………………. 20   Table 2………………………………………………………………………………… . 22 Personality is an important area of psychological research, as personality traits are significant predictors of many outcomes of interest. In their review, Roberts, Kuncel, Shiner, Caspi, and Goldberg (2007) reported effect sizes of personality traits on mortality, divorce, and occupational attainment that were comparable to those of socioeconomic status and cognitive ability. Likewise, meta-analyses have shown personality to be useful in predicting longevity (Kern & Friedman, 2008) and job performance (Barrick, Mount, & Judge, 2001) . Researchers have also considered traits to be risk factors, diagnostic indicators, and predictors of psychopathology onset, severity, and outcome (Terracciano et al., 2010) . Given these relationships, much interest has turned to the etiology of personality traits, utilizing many research designs to decompose trait variance into that of environmental and genetic origin. Briefly, environmental variance encompasses both shared environment (c 2 , that which makes siblings similar) and non-shared environment (e 2 , that which makes siblings different) while genetic variance encompasses both additive (a 2 ) and non-additive influences (dominance, d 2 , and epistasis, i 2 ). Structural equation modeling is typically used to estimate parameter values of these influences.
Over the past few decades, most research has supported the conclusion that personality traits are moderately heritable and more surprisingly that shared environmental influences account for very little to no trait variance of most traits in the studied populations (e.g., Bouchard & McGue, 2003; Finkel & McGue, 1997; Loehlin, McCrae, Costa, & John, 1998) . However, there is room for doubt about the latter finding, as some studies have found a shared environmental effect on personality traits (Baker, Cesa, Gatz, & Mellins, 1992; Beer, Arnold, & Loehlin, 1998; Bergeman et al., 1993; Loehlin & Gough, 1990; Tellegen et al., 1988) . Additionally, certainty about the absence of shared environmental effects on personality is limited by the fact that most previous studies were based on twins only. Bouchard and McGue (2003) pointed out in their review that personality analyses based only on twin samples consistently resulted in higher heritability estimates (and thus smaller c 2 estimates) than those including family and adoption data as well as twin data.
All behavior genetic research designs have unique assumptions that, if violated, may bias estimates of effects. In the classical twin design, an important assumption is that monozygotic (MZ) twins do not share more similar environments than do dizygotic (DZ) twins; this is known as the equal environments assumption (EEA). If the EEA is violated (and the difference in environmental similarity is associated with the phenotype of interest), then heritability may be overestimated and c 2 may be underestimated. Though much research supports the validity of the EEA across many domains (e.g., Derks, Dolan, & Boomsma, 2006; Eaves, Foley, & Silberg, 2003; Kendler, Neale, Kessler, Heath, & Eaves, 1993; Loehlin & Nichols, 1976; Plomin, Willerman, & Loehlin, 1976) , some critics remain unconvinced (e.g., Richardson & Norgate, 2005; Tishler & Carey, 2007) .
In addition, the classical twin design cannot concurrently estimate both shared environmental influence and non-additive genetic influence. If both are important influences on the trait in question, heritability may again be overestimated while c 2 may 3 be underestimated. The adoption design offers an alternative method of testing environmental effects that is direct and avoids the assumptions of the classical twin design. It is not without its own limitations, however. One assumption that must be made is that families with adopted children are representative of all families. If there is restriction of range on trait-relevant environmental factors in adoptive homes as some research suggests (McGue et al., 2007; Stoolmiller, 1999) , c 2 may be underestimated.
Also, some research has found evidence that adoptive families may differ in other ways.
For example, Rueter, Keyes, Iacono, and McGue (2009) A recent meta-analysis in a related domain, psychopathology (Burt, 2009), included adoption and family studies in addition to twin studies. Burt found that despite previous consensus that the shared environment plays a minor role in the development of most disorders, shared environmental influences could actually explain 10-19% of the variance in specific internalizing and externalizing disorders. When she compared estimates of shared environmental influence across twin and adoption studies, she found that estimates did not differ for the most part. However, the c 2 estimate for anxiety disorders obtained from adoption studies was larger than that obtained from twin studies, 4 demonstrating that methodology can sometimes affect results in behavior genetic studies.
It should be noted, however, that there were many more twin studies than adoption studies in the Burt (2009) review. Moreover, the typical adoption study in the review had a much smaller sample size than the typical twin study, suggesting that additional adoption studies, and especially adoption studies with relatively large samples, are needed. In addition, it's important to extend this research to personality traits as they have been shown to be closely related to psychopathology. In a recent paper, Krueger and Eaton (2010) made a case for the inclusion of a personality trait model in the DSM-V; in so doing, they argued that personality traits and psychopathology represent the same underlying distribution of human variation, citing links between neuroticism and the internalizing spectrum as well as disinhibitory personality traits and the externalizing spectrum. Thus, it is important to examine whether method affects parameter estimates for personality as well, especially those of shared environment.
Additionally, Beer et al. (1998) demonstrated that parameter estimates for personality traits can differ by research design; they combined data from an earlier twin study on the MMPI factor scales (Rose, 1988) with their data from the Texas Adoption Project to estimate the effects of genes and shared environment. Unfortunately, they did not formally compare estimates from each study nor were they able to compare model fit as Rose (1988) did not use structural equation modeling in his analyses. However, both studies included conventional analyses that can be examined; these analyses were based on twin correlations in the previous study and on correlations among adoptive relatives in we do not know whether any of the reported differences in parameter estimates are statistically significant.
For antisocial behavior, Rhee and Waldman (2002) did explicitly test differences between parameter estimates from different research methods when they fit a model for antisocial behavior. When they compared twin studies with all adoption studies, they found a significant difference in model fit and more familial similarity in twin studies (as evidenced by higher genetic and shared environmental parameter estimates). However, this difference was due entirely to parent-offspring adoption designs, as estimates from adopted sibling studies agreed with those from twin studies, suggesting that the source of the difference may be age or cohort rather than a fundamental difference between twin and adoption study designs.
The current study compares shared environmental effects on personality as estimated from alternative behavior genetic methods. Using data from families with twins, adopted, and biological non-twin offspring, we fitted models similar to Rhee and Waldman (2002) ; if a model where parameter estimates are constrained to be equal across study type (twins vs. adoptees) fitted as well as a model where these parameters are free to vary, the more parsimonious model would be preferred. That is, we would conclude that method does not significantly affect parameter estimates. On the other hand, if the constrained model fitted significantly more poorly, then we could conclude that method biases do have a significant impact on parameter estimates, thus requiring us to seriously reconsider the importance of shared environmental influences on personality.
Method Sample.
The current study included two samples, a twin sample from the Minnesota Twin and Family Study (MTFS) and a sample of biological and adoptive families from the Sibling Interaction and Behavior Study (SIBS). Twins were recruited at approximately ages 11 and 17 from publicly available Minnesota birth certificates, with a subsample additionally selected for symptoms of ADHD or conduct disorder in at least one of the 11-year-old twins. Participants were followed up approximately every three to four years through their 20s. Adoptive SIBS families were recruited from infant placements made by the three largest, private adoption agencies in Minnesota. Families were selected if they included an adopted adolescent between the ages of 11 and 21 who had been placed in the adoptive home permanently before age 2 (M = 4.7 months, SD = 3.4 months) and either another adopted or a biological adolescent no more than five years apart in age.
Biological SIBS families were recruited through Minnesota state birth records and selected to have a pair of siblings of comparable age and gender to the adoptive sibling pairs. SIBS participants were followed up approximately three and six years later.
Exclusion criteria for both samples included living within a day's drive of Minneapolis and absence of any mental or physical handicap that would preclude completing the assessment. Additional information about the SIBS sample can be found in McGue et al. (2007) , and additional information about the MTFS sample can be found in Iacono and McGue (2002) .
For this analysis, follow-up 2 data from the 11-year-old twin cohort were combined with intake data from the 17-year-old twin cohort, as age was similar at these assessments (combined, M = 17.85 years, SD = 0.64). Resulting data included 986 complete MZ pairs (47% male) and 560 complete DZ pairs (46% male). Because the requirements for participation included living within a day's drive of Minneapolis, the sample was representative of the demographics of Minnesota at the time; thus, the twins were primarily Caucasian (over 95%). SIBS data included in the analyses may have been collected from any of the three assessments to attain the maximum amount of data for both siblings. This is because personality data was not usually assessed in participants younger than age 14. In addition, if participants had not yet reached the age of 16 at the assessment, they received a version of the MPQ that contained fewer scales (see below).
To be more comparable, data were chosen from the same assessment for each member of the sibling pair. The assessment chosen for each pair depended on the data available. If both siblings had full data (all scales) at the first assessment then those data were included in the analyses. If not, the next assessment's data were considered and then the next. If no assessment included full data for both siblings, the first assessment data were included in the analyses. Resulting data included 408 complete unrelated sibling pairs (44% male) and 205 complete (48% male) biological non-twin pairs (combined ages, M = 17.14 years, SD = 2.40). Like the twin sample, over 95% of the biological non-twin siblings were Caucasian. However, 74% of the adoptees were born outside of the United States (mainly South Korea), and 21% of the domestic adoptees were not Caucasian.
Measures.
Personality was assessed with the 198-item version of the MPQ (Tellegen & Waller, 2008) in participants 16 and older and with the 133-item Personality Booklet--Youth, Abbreviated (PBYA; developed specifically for the MTFS) in participants younger than 16. Items are identical in these assessments, but the PBYA has fewer scales.
The MPQ is a self-report personality inventory derived from factor analysis. It measures 11 primary personality traits and three higher-order factors. The higher-order factors represent the behavioral and emotional regulation that contributes to particular traits; they include positive emotionality, negative emotionality, and constraint. In the current study, the 11 primary scales and three higher-order factors were examined.
Analyses.
Raw MPQ scale scores were adjusted for age and sex separately for twins and non-twins. This was accomplished by regressing scores on age and sex and using the residuals in the following analyses. Mx statistical software (Neale et al., 2002 ) was used to estimate correlations among siblings and then to model variance-covariance matrices.
Model fitting has the advantage of being able to simultaneously examine many samples and is thus ideal for the current study. For each scale, we compared the fit of an ACE model where all parameters were free to vary across twin and adoption samples with an ACE model where the standardized estimates a 2 and c 2 were constrained to be equal 9 across samples. A significant drop in model fit in the constrained model would indicate that the adoption and twin methods produce different parameter estimates, and significance was tested by examining the change in chi square value, which is itself distributed as a chi square, and AIC. Inspection of parameter estimates and their confidence intervals indicated significance of genetic and environmental effects.
Results
Despite variance difference in age between the twin and adoption samples, means and variances were similar on all MPQ scales (see Table 1 ). Table 2 estimates from twins only on the Alienation and Harm Avoidance scales were not significant, but they were larger than zero. After adding the adoption sample to the analysis, these estimates grew stronger. It is possible that shared environmental influences could be even larger in reality. The sample included three times as many twins as adoptees; thus, the twin data were weighted more heavily in the combined analyses. It may have been the case that the small (or null) shared environmental effects found in the large twin sample masked findings of stronger shared environmental effects in the adoption data for some scales.
In Another possibility is that the multidimensional nature of personality constructs greatly influences study results. We may be able to elucidate the true nature of genetic and environmental influences on traits by considering narrower definitions of them (i.e., by examining facet-level traits rather than domains). It could be the case that some traits share an underlying component that is significantly influenced by shared environmental factors whereas other aspects of those traits are more genetically influenced. To investigate this possibility, we can partition variance of traits into common, specific, and In summary, we found evidence for shared environmental influence on three personality traits measured by the MPQ, and we did not find evidence that methodology significantly contributes to parameter estimates in behavior genetic studies. In order for us to have confidence that a research finding is a true reflection of reality, we must replicate that finding across different measures and study designs. An advantage of the adoption design used here is that it bypasses the assumptions and limitations of the classical twin design. It directly estimates shared environmental influence on personality with the correlations among non-biological family members because they share 0% genes but 100% common environment. Of course, it too has its own limitations as previously discussed. Despite the advantages and disadvantages of each respective design, results have converged on the same conclusion: shared environment does not significantly influence most personality traits, but it may be important for traits related to Alienation, Harm Avoidance, and Traditionalism. Note. AC = Achievement, SC = Social Closeness, SP = Social Potency, WB = Well Being, AG= Aggression, AL = Alienation, SR = Stress Reaction, CON = Control, HA= Harm Avoidance, TR = Traditionalism, AB = Absorption, PEM = Positive Emotionality, NEM = Negative Emotionality, CN = Constraint. 
